
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

49
5 

41
5

A
1

TEPZZ¥4954_5A_T
(11) EP 3 495 415 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
12.06.2019 Bulletin 2019/24

(21) Application number: 17837067.2

(22) Date of filing: 03.08.2017

(51) Int Cl.:
C08L 7/00 (2006.01) C08L 9/00 (2006.01)

C08K 5/25 (2006.01) B60C 1/00 (2006.01)

C07C 243/38 (2006.01)

(86) International application number: 
PCT/JP2017/028300

(87) International publication number: 
WO 2018/025966 (08.02.2018 Gazette 2018/06)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 04.08.2016 JP 2016153586

(71) Applicants:  
• Bridgestone Corporation

Tokyo 104-8340 (JP)
• Otsuka Chemical Co., Ltd.

Osaka-shi, Osaka 540-0021 (JP)

(72) Inventors:  
• HAMATANI Satoshi

Tokyo 104-8340 (JP)

• SAIKI Aya
Tokyo 104-8340 (JP)

• SHINOZAKI Shinya
Tokushima-shi
Tokushima 771-0193 (JP)

• UENO Mifuyu
Tokushima-shi
Tokushima 771-0193 (JP)

• ABE Masaki
Tokushima-shi
Tokushima 771-0193 (JP)

(74) Representative: Lang, Johannes
Bardehle Pagenberg Partnerschaft mbB 
Patentanwälte, Rechtsanwälte 
Prinzregentenplatz 7
81675 München (DE)

(54) RUBBER COMPOSITION, TIRE, ADDITIVE, AND HYDRAZIDE COMPOUND

(57) Provided is a rubber composition comprising: a rubber component containing diene-based rubber; a filler, and
a compound represented by formula (I) below:

(wherein: A is an aryl group and has at least two polar groups, which may be the same or different from each other; R1

and R2 are each independently at least one substituent selected from a group consisting of a hydrogen atom, an acyl
group, an amide group, an alkyl group, a cycloalkyl group, and an aryl group; and further, the substituent may include
one or more of O, S, and N atoms), so as to provide a rubber composition excellent in low heat generating property and
wear resistance.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a rubber composition, a tire, an additive, and a hydrazide compound.

BACKGROUND

[0002] There has been an increasing demand for higher fuel efficiency of automobiles, and tires with lower rolling
resistance are desired. For this reason, a rubber composition to be used as a tread of a tire is desired to be low in tanδ
and excellent in low heat generating property.
[0003] In conventional pneumatic tires, various measures are conceivable for the purpose of achieving low heat
generating property, such as to increase the particle size of carbon black in the rubber composition or to reduce the
compounding amount of carbon black, which however simultaneously leads to such problems as the reduction of wear
resistance of the tread rubber or as the reduction of fracture resistance such as cut resistance or chipping resistance of
the rubber.
[0004] Therefore, there has been a demand for the development of technology that is capable of improving low heat
generating property without impairing other physical properties such as strength.
[0005] As one of such technologies, JP2014501827A (PTL 1) discloses, for example, a rubber composition obtained
by compounding an elastomer including natural rubber with carbon black and a specific hydrazide compound, for the
purpose of improving chemical interaction between the rubber component and carbon black.

CITATION LIST

Patent Literature

[0006] PTL 1: JP2014501827A

SUMMARY

(Technical Problem)

[0007] However, the technology disclosed in PTL 1 cannot ensure sufficient low heat generating property, and the low
heat generating property needs to be further improved so as to meet the demand for higher fuel efficiency of automobiles.
Further, in addition to the improvement of high fuel efficiency, further improvement of wear resistance has also been
desired.
[0008] It could therefore be helpful to provide a rubber composition excellent in low heat generating performance and
wear resistance. It could also be helpful to provide a tire excellent in low heat generating property and wear resistance.
Further, it could also be helpful to provide an additive and a novel hydrazide compound capable of exerting excellent
low heat generating property and wear resistance, when compounded into the rubber composition.

(Solution to Problem)

[0009] With an aim to overcome the aforementioned problems, we have made intensive studies of a rubber composition
including a rubber component and a filler. Then, we have found that hydrazide compounds having a specific structure
may be contained in the rubber composition to thereby enhance interaction of the rubber component with carbon black
or silica, with the result that more excellent low heat generating property and wear resistance can be realized.
[0010] Specifically, the disclosed rubber composition includes: a rubber component containing diene-based rubber;
a filler; and a compound represented by the following formula (I):

(wherein: A is an aryl group and has at least two polar groups, which may be the same or different from each other; R1
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and R2 are each independently at least one substituent selected from a group consisting of a hydrogen atom, an acyl
group, an amide group, an alkyl group, a cycloalkyl group, and an aryl group; and further, the substituent may include
one or more of O, S, and N atoms).
[0011] The aforementioned configuration allows for achieving excellent low heat generating property and wear resist-
ance.
[0012] Further, in the disclosed rubber composition, it is preferred that at least one of the polar groups of A in the
compound represented by the formula (I) is a hydroxyl group, an amino group, or a nitro group, more preferred that at
least one of the polar groups is a hydroxyl group, and particularly preferred that at least two of the polar groups are
hydroxyl groups, so as to attain more excellent low heat generating performance and wear resistance.
[0013] Further, in the disclosed rubber composition, A in the compound represented by the formula (I) is preferably a
phenyl group or a naphthyl group, so as to realize further excellent low heat generating property and wear resistance
while being excellent in terms of practical use.
[0014] Further, in the disclosed rubber composition, R1 and R2 in the compound represented by the formula (I) are
both preferably hydrogen atoms, so as to realize more excellent low heat generating property and wear resistance.
[0015] Further, in the disclosed rubber composition, the compound represented by the formula (I) preferably has a
molecular weight of 250 or less, so as to realize more excellent low heat generating property and wear resistance.
[0016] Still further, in the disclosed rubber composition, the compound represented by the formula (I) preferably has
a melting point of 80°C or higher and lower than 250°C, so as to realize more excellent low heat generating property
and wear resistance.
[0017] Further, in the disclosed rubber composition, the rubber composition preferably contains 0.05 to 30 parts by
mass of the compound represented by the formula (I), with respect to 100 parts by mass of the rubber component, so
as to realize more excellent low heat generating property and wear resistance.
[0018] Further, in the disclosed rubber composition, the diene-based rubber is preferably natural rubber, so as to
realize more excellent low heat generating property and wear resistance.
[0019] Still further, in the disclosed rubber composition, the filler preferably includes carbon black and/or silica, so as
to realize more excellent low heat generating property and wear resistance.
[0020] Further, in the disclosed rubber composition, the rubber composition preferably contains 10 to 160 parts by
mass of the filler, with respect to 100 parts by mass of the rubber component, so as to realize more excellent low heat
generating property and wear resistance.
[0021] Further, in the disclosed rubber composition, the compound represented by the formula (I) is preferably at least
one selected from a group consisting of: 2,6-dihydroxybenzohydrazide, 2,3-dihydroxybenzohydrazide, 2,4-dihydroxy-
benzohydrazide, 2,5-dihydroxybenzohydrazide, 4-amino-2-hydroxybenzohydrazide, 3,5-dihydroxynaphthalene-2-car-
bohydrazide, 4-amino-3-hydroxynaphthalene-2-carbohydrazide, 3-hydroxy-4-nitronaphthalene-2-carbohydrazide, 1,3-
dihydroxynaphthalene-2-carbohydrazide, 2,4,6-trihydroxybenzohydrazide, 2,6-dihydroxy-4-methylbenzohydrazide, and
2-hydroxy-5-nitrobenzohydrazide.Among them 2,6-dihydroxybenzohydrazide, 2,3-dihydroxybenzohydrazide, 3,5-dihy-
droxynaphthalene-2-carbohydrazide, 4-amino-3-hydroxynaphthalene-2-carbohydrazide, 1,3-dihydroxynaphthalene-2-
carbohydrazide, 2,4,6-trihydroxybenzohydrazide, or 2,6-dihydroxy-4-methylbenzohydrazide being further preferred, so
as to realize more excellent low heat generating property and wear resistance.
[0022] Here, 3,5-dihydroxynaphthalene-2-carbohydrazide and 4-amino-3-hydroxynaphthalene-2-carbohydrazide are
novel compounds undescribed in any literature.
[0023] The disclosed tire has a feature of using the aforementioned rubber composition.
[0024] The tire provided with the aforementioned configuration is capable of realizing more excellent low heat gener-
ating property and wear resistance.
[0025] The disclosed additive is to be added to a rubber component containing diene-based rubber, and contains the
compound represented by the following formula (I):

(wherein: A is an aryl group and has at least two polar groups, which may be the same or different from each other; R1

and R2 are each independently at least one substituent selected from a group consisting of a hydrogen atom, an acyl
group, an amide group, an alkyl group, a cycloalkyl group, and an aryl group; and further the substituent may include
one or more of O, S, and N atoms).
[0026] The aforementioned configuration may be provided to improve the rubber composition in terms of low heat
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generating property and wear resistance.

(Advantageous Effect)

[0027] The disclosed rubber composition as provided herein is excellent in low heat generating property and wear
resistance. Further, the present disclosure is capable of attaining tires excellent in low heat generating property and
wear resistance. Further, the present disclosure is capable of providing an additive and a novel hydrazide compound
capable of exerting excellent low heat generating property and wear resistance, when compounded into the rubber
composition.

DETAILED DESCRIPTION

[0028] Hereinafter, embodiments of the present disclosure are specifically illustrated by way of example.

(Rubber Composition)

[0029] The disclosed rubber composition includes: a rubber component; a filler; and a compound of the following
formula (1):

(wherein: A is an aryl group having at least two polar groups, which may be the same or different from each other; R1

and R2 are each independently at least one substituent selected from a group consisting of: a hydrogen atom; an acyl
group; an amide group; an alkyl group; a cycloalkyl group; and aryl group, and further the substituent may include one
or more of O, S, and N atoms).

• Rubber Component

[0030] A rubber component to be contained in the disclosed rubber composition is not particularly limited as long as
a diene-based rubber is contained.
[0031] Examples of the diene-based rubber may include, for example, natural rubber, polyisoprene rubber (IR), styrene-
butadiene rubber (SBR), and a poly-butadiene rubber (BR), with natural rubber being preferred, so as to achieve more
excellent low heat generating property and wear resistance.
[0032] The diene-based rubber may be contained as one kind alone or may be contained as a blend of two or more kinds.
[0033] The content of the diene-based rubber in the rubber component is not particularly limited; however, in terms
of maintaining excellent low heat generating property, the content may preferably be 80 mass% or more, and more
preferably 90 mass% or more.

• Filler

[0034] The disclosed rubber composition includes a filler, in addition to the aforementioned rubber component.
[0035] A filler may be contained along with the aforementioned rubber component and a compound of formula (I) to
be described later, to thereby achieve excellent low heat generating property and wear resistance without impairing
other physical properties.
[0036] Here, the content of the filler, which is not particularly limited, is preferably 10 to 160 parts by mass, and more
preferably 30 to 100 parts by mass of the filler with respect to 100 mass parts of the rubber component. The content of
the filler may be optimized to thereby achieve more excellent low heat generating property and wear resistance. The
content falling below 10 parts by mass may lead to a fear of losing sufficient fracture resistance while the content
exceeding 160 parts by mass may lead to a fear of losing sufficient low heat generating property.
[0037] Further, examples of the filler may include, without being particularly limited, carbon black, silica, and other
inorganic fillers, preferred among them including carbon black and/or silica, so as to obtain more excellent low heat
generating property and wear resistance. Here, carbon black and silica may each be contained either alone or in com-
bination.
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[0038] Here, examples of the carbon black may include carbon black of such grades as GPF, FEF, SRF, HAF, ISAF,
IISAF, SAF grades.
[0039] Further, examples to be used as the silica may include, without particularly limited, wet silica, dry silica, and
colloidal silica etc.
[0040] Further, examples to be used as the other inorganic fillers may include an inorganic compound represented
by, for example, the following formula (II).

nM·xSiOY·zH2O ··· (II)

(wherein, M is at least one kind selected from: metal selected from a group consisting of aluminum, magnesium, titanium,
calcium, and zirconium; an oxide or hydroxide of these metals and a hydrate thereof, or a carbonate of these metals;
and n, x, y, and z each are an integer of 1 to 5, an integer of 0 to 10, an integer of 2 to 5, and an integer of 0 to 10.)
[0041] Examples of the inorganic compound of the aforementioned formula (II) may include: alumina (Al2O3) such as
γ-alumina, α-alumina; hydrated alumina (Al2O3·H2O) such as boehmite, diaspore; aluminum hydroxide [Al(OH)3] such
as gibbsite, bayerite; aluminum carbonate [Al2(CO3)3], magnesium hydroxide [Mg(OH)2], magnesium oxide (MgO),
magnesium carbonate (MgCO3), talc (3MgO·4SiO2·H2O), attapulgite (5MgO·8SiO2·9H2O), titanium white (TiO2), titanium
black (TiO2n-1), calcium oxide (CaO), calcium hydroxide [Ca(OH)2], magnesium aluminum oxide (MgO·Al2O3), clay
(Al2O3·2SiO2), kaolin (Al2O3·2SiO2·2H2O), pyrophyllite (Al2O3·4SiO2·H2O), bentonite (Al2O3·4SiO2·2H2O), aluminum
silicate (such as Al2SiO5, Al4·3SiO4·5H2O), magnesium silicate (such as Mg2SiO4, MgSiO3), calcium silicate (such as
Ca2SiO4), calcium aluminum silicate (such as Al2O3·CaO·2SiO2), calcium magnesium silicate (CaMgSiO4), calcium
carbonate (CaCO3), zirconium oxide (ZrO2), zirconium hydroxide [ZrO(OH)2·nH2O], zirconium carbonate [Zr(CO3)2],
crystalline aluminosilicates, such as various zeoliates, which include hydrogen for correcting charge, alkali metal, and
alkaline earth metal.

• Compound of Formula (I)

[0042] Then, the disclosed rubber composition includes a compound of the formula (I), in addition to the rubber
component and the filler mentioned above.

[0043] In the formula (I), A represents an aryl group. Here, the aryl group has at least two polar groups at arbitrary
positions, where the polar groups may be the same or different from each other, and the positions of the polar groups
may be anywhere in the aromatic ring.
[0044] Further, in the formula (I), R1 and R2 are each independently at least one substituent selected from a group
consisting of: a hydrogen atom; an acyl group; an amide group; an alkyl group; a cycloalkyl group; and aryl group.
Further, these substituents may include one or more of O atom, S atom, and N atom.
[0045] The compound of the formula (I) above is capable of greatly improving chemical interaction between the rubber
component and the filler when compounded in the rubber composition since the aryl group represented by A has a high
affinity for the filler such as carbon black and a portion having a hydrazide moiety has a high affinity with the rubber
component. In this manner, hysteresis caused by mutual rubbing of the fillers can be reduced, which provides as a result
low heat generating property that is extremely excellent than ever before. In addition, the filler is improved in dispersive-
ness, which can achieve further excellent reinforcement.
[0046] Here, examples of the aryl group represented by A in the compound of the aforementioned formula (I) may
include an aromatic hydrocarbon group such as a phenyl group, a naphthyl group, an anthryl group, a phenanthryl group,
and triphenylenyl group. Among them, a phenyl group or a naphthyl group being preferred as the aryl group, and a
phenyl group being more preferred as the aryl group, which shows excellent affinity for the filler to achieve more excellent
low heat generating property while reducing the number of aromatic rings, being further preferred so as to be advantages
in cost and excellent in terms of practical use.
[0047] Further, the aryl group represented by A in the compound of the aforementioned formula (I) may preferably
have two or more polar groups. Two or more polar groups disposed in the aromatic ring can provide high affinity for the
filler such as carbon black; less than two polar groups may fail to obtain sufficient affinity for the filler, which leads to a
fear reducing the low heat generating property of the rubber composition.
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[0048] Examples of the polar groups may include, without particularly limited: an amino group; an imino group; a nitrile
group; an ammonium group; an imide group; an amide group; a hydrazo group; an azo group; a diazo group; a hydroxyl
group; a carboxy group; a carbonyl group; an epoxy group; an oxycarbonyl group; a nitrogen-containing heterocyclic
group; an oxygen-containing heterocyclic group; a tin-containing group; an alkoxysilyl group; an alkylamino group; and
a nitro group. Among them, at least one of the polar groups may be preferably a hydroxyl group, an amino group, or a
nitro group, more preferably a hydroxy group, and particularly preferably at least two of the polar groups may be hydroxyl
groups, so as to exhibit further excellent affinity for the filler, allowing for further improving the rubber composition in low
heat generating property.
[0049] Further, as to the hydrazide group binding to A in the compound of the aforementioned formula (I), R1 and R2

are each independently at least one substituent selected from a group consisting of: a hydrogen atom; an acyl group;
an amide group; an alkyl group; a cycloalkyl group; and an aryl group. Here, these substituents may include one or more
of O, S, and N atoms.
[0050] Further, R1 and R2 may preferably a hydrogen atom or an alkyl group from among the aforementioned substit-
uents, and more preferably R1 and R2 are both hydrogen atoms, so as to exhibit high affinity for the rubber component,
providing more excellent low heat generating property and wear resistance.
[0051] Here, some representative examples of the compound of the aforementioned formula (I) are shown in below.

2,6-dihydroxybenzohydrazide

[0052]

2,3-dihydroxybenzohydrazide

[0053]

2,4-dihydroxybenzohydrazide

[0054]

2,5-dihydroxybenzohydrazide

[0055]
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4-amino-2-hydroxybenzohydrazide

[0056]

3,5-dihydroxynaphthalene-2-carbohydrazide

[0057]

4-amino-3-hydroxynaphthalene-2-carbohydrazide

[0058]

3-hydroxy-4-nitronaphthalene-2-carbohydrazide

[0059]

1,3-dihydroxynaphthalene-2-carbohydrazide

[0060]

2,4,6-trihydroxybenzohydrazide

[0061]
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2,6-dihydroxy-4-methylbenzohydrazide

[0062]

[0063] Further, the compound of the formula (I) may have a molecular weight of preferably 250 or less, more preferably
220 or less, and further preferably 180 or less, which exhibits higher affinity for natural rubber, to thereby obtain more
excellent low heat generating property and also increase wear resistance.
[0064] Further, the compound of the formula (I) above has a melting point which is preferably 80°C or higher and lower
than 250°C. The melting point of the hydrazide compound may thus be lowered to increase affinity for natural rubber,
which can provide more excellent low heat generating property and also enhance wear resistance.
[0065] Here, the content of the compound represented by the formula (I) in the disclosed rubber composition is pref-
erably be 0.05 to 30 parts by mass, more preferably 0.05 to 10 parts by mass, and particularly preferably 0.05 to 5 parts
by mass, with respect to 100 parts by mass of the rubber component. The content being 0.05 parts by mass or more
relative to 100 parts by mass of the rubber component provides a desired low heat generating performance, while the
content being 30 parts by mass or less can favorably maintain wear resistance and other physical properties such as
strength.

• Other Components

[0066] In addition to the aforementioned rubber component, the filler, and the compound of the aforementioned formula
(I), the disclosed rubber composition may include a compounding agent generally used in the rubber industry, such as
an antioxidant, a softener, a silane coupling agent, a stearic acid, a zinc oxide, a vulcanization accelerator, a vulcanizer,
which may be selected as appropriate without impairing the disclosed object. Commercially available products may be
suitably used as these compounding agents.

• Method of Producing Rubber Composition

[0067] Here, the method of producing the disclosed rubber composition is not particularly limited. For example, a
rubber component containing diene-based rubber, a filler, and the compound of the aforementioned formula (I) may be
compounded and kneaded by a publicly-known method, to thereby obtain the disclosed rubber composition.

(Tire)

[0068] The disclosed tire is configured by using the disclosed rubber composition described above. The disclosed
rubber composition may be included as a tire material, to thereby achieve excellent low heat generating property and
wear resistance without impairing other physical properties.
[0069] The disclosed rubber composition may preferably be used particularly in a tread of the tire. A tire using the
disclosed rubber composition as the tread thereof is excellent in low heat generating property and wear resistance.
[0070] Here, the disclosed tire is not particularly limited except in that the disclosed rubber composition described
above is used in any of the tire members, and the tire may be manufactured according to a usual method. Gas to be
filled into the tire may be general air or oxygen partial pressure-adjusted air, or other inert gas such as nitrogen, argon,
and helium.
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(Additive)

[0071] The disclosed additive is to be added to the rubber component containing diene-based rubber, and contains
the compound of the following formula (I):

(wherein: A is an aryl group having at least two polar groups which may be the same or different from each other; R1

and R2 are each independently at least one substituent selected from a group consisting of a hydrogen atom, an acyl
group, an amide group, an alkyl group, a cycloalkyl group, and an aryl group, and further the substituent may include
one or more of O, S, and N atoms).
[0072] The additive containing the hydrazide compound of the formula (I) has high affinity for the filler such as carbon
black and has high affinity for the rubber component. Thus, when compounded into the rubber composition, the additive
is capable of greatly improving chemical interaction between the rubber component and the filler, which results in
exhibiting excellent low heat generating property. Further, the filler may be improved in dispersiveness so as to achieve
further excellent reinforcement, and the greatly-improved chemical interaction between the rubber component and the
filler allows for improving wear resistance. That is, the disclosed additive may be used as a low heat generating agent,
a wear resistance imparting agent, a breaking resistance imparting agent, or a viscosity stabilizer; in other words, the
disclosed additive encompasses a low loss agent, a wear resistance imparting agent, a breaking resistance imparting
agent, or a viscosity stabilizer, each of which contains a hydrazide compound of the formula (I) and is to be added to a
rubber component containing a diene-based rubber.
[0073] Further, in the disclosed additive, at least one of the polar groups of A in the compound of the aforementioned
formula (I) is preferably a hydroxyl group or an amino group or a nitro group, so as to attain more excellent low heat
generating property.
[0074] Further, in the disclosed additive, A in the compound of the aforementioned formula (I) is preferably a phenyl
group or a naphthyl group, so as to attain more excellent low heat generating property while being excellent in terms of
practical use.
[0075] Further, in the disclosed additive, R1 and R2 in the compound of the aforementioned formula (I) are both
preferably hydrogen atoms, so as to attain more excellent low heat generating property and wear resistance.
[0076] Further, in the disclosed additive, the compound of the aforementioned formula (I) is preferably be 250 or less
in molecular weight, so as to attain more excellent low heat generating property and wear resistance.
[0077] Still further, in the disclosed additive, the compound of the aforementioned formula (I) preferably has a melting
point of 80°C or higher and lower than 250°C, so as to attain more excellent low heat generating property and wear
resistance.
[0078] Further, the disclosed additive may preferably contain 0.05 to 30 parts by mass of the compound of the afore-
mentioned formula (I) with respect to 100 parts by mass of the rubber component, so as to attain more excellent low
heat generating property and wear resistance.
[0079] In adding the disclosed additive to the rubber component, a compounding agent generally used in the rubber
industry, such as an antioxidant, a softener, a silane coupling agent, a stearic acid, a zinc oxide, a vulcanization accel-
erator, a vulcanizer may be compounded, in addition to a filler such as silica, carbon black, the compounding agent
being selected as appropriate without impairing the disclosed object. Commercially available products may be suitably
used as these compounding agents.
[0080] The rest of the matters as to the disclosed additive are the same as those explained for the disclosed rubber
composition described above.

EXAMPLES

[0081] The present disclosure is further explained in detail below, with reference to Examples. However, the present
disclosure is no way limited by the following Examples.

(Compounds a to k)

[0082] Formulae of compounds a to k to be used in Examples are given below.
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[0083] Also provided in below are: the types of the compounds a to k, together with the melting points thereof and the
results of 1H-NMR measurements (conditions: 300 MHz, DMSO-d6, δ ppm).

- Compound a: 2,6-dihydroxybenzohydrazide

[0084] 5.29 g of methyl 2,6-dihydroxybenzoate and 3.30 g of 100% hydrazine monohydrate were added to 32 mL of
1-butanol, which was stirred at 117°C for 15 hours. The reaction mixture was cooled and thereafter filtered for a precipitated
solid, which was washed with isopropyl alcohol. The resulting solid was dried in vacuo to obtain 2.85 g of a pale yellow
solid of 2.6-dihydroxybenzohydrazide (with the yield of 54%).

(melting point: 198°C, 1H-NMR (300 MHz, DMSO-d6, δ ppm): 6.3 (d, 2H), 7.1 (t, 1H), NH(3H) and OH(2H) were undetected)

- Compound b: 2,3-dihydroxybenzohydrazide

[0085] 2.75 g of methyl 2,3-dihydroxybenzoate and 7.00 g of 100% hydrazine monohydrate were added to 1.5 mL of
water, which was stirred at 100°C for 3 hours. The reaction mixture was concentrated, and isopropyl alcohol was added
to the precipitated solid for filtering the same, which was washed with isopropyl alcohol. The resulting solid was dried
in vacuo to obtain 2.00 g of a pale yellow solid of 2,3-dihydroxybenzohydrazide (with the yield of 73%).

(melting point: 223°C, 1H-NMR (300 MHz, DMSO-d6, δ ppm): 4.7 (br-s, 2H), 6.7 (m, 1H), 6.9 (m, 1H), 7.2 (m, 1H), 10.1
(br-s, 1H), OH(2H) was undetected)

- Compound c: 2,4-dihydroxybenzohydrazide

[0086] 5.50 g of methyl 2,4-dihydroxybenzoate and 13.4 g of 100% hydrazine monohydrate were added to 3 mL of
water, which was stirred at 100°C for 3 hours. The reaction mixture was concentrated, and isopropyl alcohol was added
to the precipitated solid for filtering the same, which was washed with isopropyl alcohol. The resulting solid was dried
in vacuo to obtain 4.82 g of a pale yellow solid of 2,4-dihydroxybenzohydrazide (with the yield of 88%).

(melting point: 237°C, 1H-NMR (300 MHz, DMSO-d6, δ ppm): 6.2 (m, 2H), 7.6 (m, 1H), NH(3H) and OH(2H) were
undetected)

- Compound d: 2,5-dihydroxybenzohydrazide

[0087] 5.39 g of methyl 2,5-dihydroxybenzoate and 3.29 g of 100% hydrazine monohydrate were added to 32 mL of
1-butanol, which was stirred at 117°C for 15 hours. The reaction mixture was cooled and thereafter filtered for a precipitated
solid, which was washed with isopropyl alcohol. The resulting solid was dried in vacuo to obtain 4.26 g of a pale yellow
solid of 2,5-dihydroxybenzohydrazide (with the yield of 79%).



EP 3 495 415 A1

11

5

10

15

20

25

30

35

40

45

50

55

(melting point: 210°C, 1H-NMR (300 MHz, DMSO-d6, δ ppm): 4.6 (br-s, 2H), 6.7 (m, 1H), 6.8 (m, 1H), 7.2 (m, 1H), 9.0
(br-s, 1H), 9.9 (br-s, 1H), 11.5 (br-s, 1H))

- Compound e: 4-amino-2-hydroxybenzohydrazide

[0088] 12.0 g of methyl 4-amino-2-hydroxybenzoate and 30.3 g of 100% hydrazine monohydrate were added to 6.6
mL of water, which was stirred at 100°C for 2 hours. The reaction mixture was concentrated and thereafter added with
water, and filtered for a precipitated solid, which was washed with water. The resulting solid was dried in vacuo to obtain
8.68 g of a pale yellow solid of 4-amino-2-hydroxybenzohydrazide (with the yield of 72%).

(melting point: 198°C, 1H-NMR (300 MHz, DMSO-d6, δ ppm): 4.4 (br-s, 2H), 5.7 (m, 2H), 6.0 (m, 2H), 7.4 (m, 1H), 9.5
(m, 1H), 12.7 (br-s, 1H))

- Compound f: 3,5-dihydroxynaphthalene-2-carbohydrazide

[0089] 43.0 g of 3,5-dihydroxynaphthoic acid and 42.0 mL of concentrated sulfuric acid were added to 860 mL of
methanol, which was stirred at 65°C for 44 hours. The reaction mixture was cooled and thereafter added water and
filtered for a precipitated solid, which was washed with water. The resulting solid was dried in vacuo to obtain 44.7 g of
a pale yellow solid of methyl 3.5-dihydroxynaphthalene-2-carboxylate (with the yield of 97%).
[0090] 8.39 g of methyl 3.5-dihydroxynaphthalene-2-carboxylate thus obtained and 5.29 g of 100% hydrazine mono-
hydrate were added to 40.0 mL of butanol, which was stirred at 65°C for 2 hours. The reaction mixture was concentrated
and the precipitated solid was suspended in isopropyl alcohol. The precipitated solid was filtered and washed with
isopropyl ether. The solid thus obtained was dried in vacuo to obtain 5.01 g of a pale yellow solid of 3.5-dihydroxynaph-
thalene-2-carbohydrazide (with the yield of 60%).

(melting point: 219°C, 1H-NMR (300 MHz, DMSO-d6, δ ppm): 6.8 (m, 1H), 7.1 (m, 1H), 7.3 (m, 1H), 7.4 (s, 1H), 8.3 (s,
1H), 10.3 (br-s, 2H), NH(3H) was undetected)

- Compound g: 4-amino-3-hydroxynaphthalene-2-carbohydrazide

[0091] 50.0 g of 3-hydroxy-2-naphthoic acid was added to 270 mL of chloroform and cooled by ice-bath, and thereafter
24.3 mL of 60% nitric acid was dropped thereinto, which was stirred for 35 minutes and then filtered for a precipitated
solid, which was washed with water and chloroform. The resulting solid was dried in vacuo to obtain 47.7 g of an orange
solid of 3-hydroxy-4-nitro-2-naphthoic acid (with the yield of 77%).
[0092] 12.5 g of 3-hydroxy-4-nitro-2-naphthoic acid thus obtained and 1 mL of concentrated sulfuric acid were added
to 200 mL of butanol, which was stirred at 117°C for 48 hours. The reaction mixture was concentrated and thereafter
filtered for a precipitated solid, which was washed with butanol. The resulting solid was dried in vacuoto obtain 7.52 g
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of a yellow solid of butyl 3-hydroxy-4-nitronaphthalene-2-carboxylate (with the yield of 48%).
[0093] 28.7 g of butyl 3-hydroxy-4-nitronaphthalene-2-carboxylate thus obtained and 2.90 g of palladium carbon were
added to 494 mL of methanol, which was substituted with hydrogen and stirred at room temperature for 8 hours. The
reaction mixture was concentrated, and the resulting solid was added with 17.7 g of hydrazine monohydrate and 330
mL of butanol, which was stirred at 75°C for 13 hours. The reaction mixture was cooled and thereafter filtered for
precipitated acid, which was washed with butanol. The resulting solid was dried in vacuoto obtain 21.1 g of a pale yellow
solid of 4-amino-3-hydroxynaphthalene-2-carbohydrazide (with the yield of 98%).

(melting point: 181°C, 1H-NMR (300 MHz, DMSO-d6, δ ppm): 4.7 (br-s, 2H), 7.3 (m, 1H), 7,4 (m, 1H), 7.6 (m, 1H), 7.7
(s, 1H), 8.0 (m, 1H), 10.4 (br-s, 1H), NH(3H) was undetected)

- Compound h: 3-hydroxy-4-nitronaphthalene-2-carbohydrazide

[0094] 50.0 g of 3-hydroxy-2-naphthoic acid was added to 270 mL of chloroform and cooled by ice-bath, and thereafter
24.3 mL of 60% nitric acid was dropped thereinto, which was stirred for 35 minutes and then filtered for a precipitated
solid, which was washed with water and chloroform. The resulting solid was dried in vacuoto obtain 47.7 g of an orange
solid of 3-hydroxy-4-nitro-2-naphthoic acid (with the yield of 77%).
[0095] 12.5 g of 3-hydroxy-4-nitro-2-naphthoic acid thus obtained and 1 mL of concentrated sulfuric acid were added
to 200 mL of butanol, which was stirred at 117°C for 48 hours. The reaction mixture was concentrated and thereafter
filtered for a precipitated solid, which was washed with butanol. The resulting solid was dried in vacuoto obtain 7.52 g
of a yellow solid of butyl 3-hydroxy-4-nitronaphthalene-2-carboxylate (with the yield of 48%).
[0096] 17.1 g of butyl 3-hydroxy-4-nitronaphthalene-2-carboxylate thus obtained was dissolved into 175 mL of meth-
anol, and added with 6.28 g of 100% hydrazine monohydrate, which was stirred at 65°C for 16 hours. The reaction
mixture was cooled and thereafter filtered for a precipitated solid, which was washed with methanol. The resulting solid
was dried in vacuoto obtain 14.6 g of an orange solid of 3-hydroxy-4-nitronaphthalene-2-carbohydrazide
(with the yield of 100%).

(melting point: 185°C, 1H-NMR (300 MHz, DMSO-d6, δ ppm): 7.1 (m, 1H), 7.4 (m, 2H), 7.8 (m, 1H), 8.4 (m, 1H), NH
(3H), and OH(1H) were undetected)

- Compound i: 1,3-dihydroxynaphthalene-2-carbohydrazide

[0097] 2.97 g of magnesium chloride was added to 50 mL of acetonitrile solution containing 5.00 g of diethyl malonate,
and cooled by ice-bath. Next, 6.30 g of triethylamine was dropped thereinto and stirred for 30 minutes, and thereafter
4.82 g of phenylacetyl chloride was dropped thereinto, which was then returned to room temperature and stirred for 4.5
hours. The reaction mixture was againcooled by ice-bath, added with 200 mL of 2N hydrochloric acid, extracted with
ethyl acetate, and an organic layer was washed with brine. The organic layer was then dried with magnesium sulfate
anhydrous and concentrated, and thereafter dried in vacuo. The resulting pale yellow oily residue wascooled by ice-
bath, and 15 mL of concentrated sulfuric acid was dropped thereinto, which was returned to room temperature and
stirred for 17 hours. The reaction mixture was cooled by ice-bathand slowly added with 35 mL of ice water, and filtered
for a precipitated solid, which was washed with water. The resulting solid was dried in vacuo to obtain 6.09 g of a yellow
solid of ethyl 1,3-dihydroxynaphthalene-2-carboxylate (with the yield of 84%).
[0098] 3 mL solution of methanol containing 800 mg of ethyl 1,3-dihydroxynaphthalene-2-carboxylate thus obtained
was added with 0.21 g of 100% hydrazine monohydrate at room temperature, which was heated to reflux for 2.5 hours
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and returned to room temperature to be stirred for 12 hours. The precipitated solid was filtered and the solid thus obtained
was washed with methanol and dried in vacuo, so as to obtain 540 mg of an ocher yellow solid of 1,3-dihydroxynaph-
thalene-2-carbohydrazide (with the yield of 72%).

(melting point: 205°C, 1H-NMR (300 MHz, DMSO-d6, δ ppm): 6.6 (s, 1H), 7.2 (m, 1H), 7.4 (m, 1H), 7.5 (d, 1H), 8.0 (d,
1H), NH (3H), and OH (2H) were undetected)

- Compound j: 2,4,6-trihydroxybenzohydrazide

[0099] 100 mL of acetone solution containing 10.0 g of 2,4,6-trihydroxybenzoic acid monohydrate was added with
2.96 g of sodium carbonate at room temperature and stirred for 10 minutes, which was added with 7.04 g of dimethyl
sulfate and heated to 50°C and stirred for 5 hours. The reaction mixture was concentrated and added with water to be
extracted with ethyl acetate, and an organic layer was washed with brine. Further, the organic layer was then dried with
magnesium sulfate anhydrous and concentrated, and thereafter the precipitated solid was suspended to be filtered in
a mixed solvent of ethyl acetate and hexane and dried in vacuo, so as to obtain 6.03 g of a pink solid of methyl 2,4,6-
trihydroxybenzoate (with the yield of 62%).
[0100] 2.40 g of methyl 2,4,6-trihydroxybenzoate thus obtained was suspended in 10 mL of methanol, added with 0.98
g of 100% hydrazine monohydrate at room temperature and heated to reflux for 1.5 hours, and returned to room tem-
perature to be stirred for 12 hours. The precipitated solid was filtered, and the resulting solid was washed with methanol
and dried in vacuo, so as to obtain 960 mg of a beige solid of 2,4,6-trihydroxybenzohydrazide (with the yield of 40%).

(melting point: 207°C, 1H-NMR (300 MHz, DMSO-d6, δ ppm): 4.3 (br-s, 2H), 5.8 (s, 2H), 7.2 (s, 1H), 9.3 (br-s, 1H), 12.3
(br-s, 2H))

- Compound k: 2,6-dihydroxy-4-methylbenzohydrazide

[0101] 50 mL acetone solution containing 5.00 g of 2,6-dihydroxy-4-methyl benzoic acid was added with 1.66 g of
sodium carbonate at room temperature and stirred for 10 minutes, and added with 3.94 g of dimethyl sulfate and heated
to 50°C to be stirred for 5 hours. The reaction mixture was concentrated and added with water, which was extracted
with ethyl acetate and an organic layer was washed withbrine. Further, the organic layer was dried with magnesium
sulfate anhydrous and concentrated, and thereafter the precipitated solid was suspended in cold hexane to be filtered,
which was dried in vacuo to obtain 4.94 g of a white solid of methyl 2,6-dihydroxy-4-methyl benzoate (with the yield of 91%).
[0102] 4.50 g of methyl 2,6-dihydroxy-4-methyl benzoate thus obtained was suspended in 12 mL of methanol, added
with 1.85 g of 100% hydrazine monohydrate at room temperature, and heated to reflux for 12 hours, which was then
returned to room temperature and filtered for a precipitated solid. The resulting solid was washed with methanol and
dried in vacuo, so as to obtain 3.09 g of a pink solid of 2,6-dihydroxy-4-methylbenzohydrazide (with the yield of 69%).

(melting point: 180°C, 1H-NMR (300 MHz, DMSO-d6, δ ppm): 2.14 (s, 3H), 5.1 (br-s, 2H), 6.1 (s, 2H), 9.9 (br-s, 1H),
12.5 (br-s, 2H))
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<Examples 1-1 to 1-11, Comparative Examples 1-1 to 1-2, Examples 2-1 to 2-11, Comparative Examples 2-1 to 2-2>

[0103] Next, the formulations presented in Tables 1 and 2 were kneaded using a plasto mill to prepare rubber com-
positions.
[0104] Samples of the rubber compositions thus prepared were evaluated for low heat generating property and wear
resistance through the following method. The evaluation results are found in Tables 1 and 2.

(1) tan δ (Low Heat Generating Property)

[0105] The rubber composition of each sample was vulcanized at 145°C for 33 minutes to obtain a vulcanized rubber.
The vulcanized rubber thus obtained was measured for loss tangent (tanδ) at a temperature of 50°C, with a distortion
of 5% and a frequency of 15 Hz, using a visco-elasticity measuring instrument [manufactured by Rheometrics Ltd.].
[0106] Here, tanδ was indexed to the value of 100 for Comparative Examples 1-1 and 2-1; a smaller tanδ represents
more excellent low heat generating property.

(2) Wear Test (Wear Resistance)

[0107] Test pieces were cut out in a disc shape (diameter 16.2 mm 3 thickness 6 mm) from the vulcanized rubbers
thus prepared, and the test pieces were subjected to DIN wear test according to JIS-K6264-2:2005, so as to measure
the wear volume (mm3) observed during DIN wear test at room temperature.
[0108] Here, the wear volume measured for each sample is displayed as an inverse of the wear volume of the sample
which is indexed to 100 for the inverse of the wear volume of Comparative Example 1-1 and Comparative Example 2-1.
A larger index value represents a smaller wear volume, which means that the sample is excellent in wear resistance.
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[0109] Referring to the results of Table 1, the rubber compositions of Examples can all be found to exhibit excellent
low heat generating property and wear resistance.

INDUSTRIAL APPLICABILITY

[0110] The disclosed rubber composition is excellent in low heat generating property and wear resistance. Further,
the disclosed tire is also excellent in low heat generating property and wear resistance. Still further, the disclosed additive
and novel hydrazide compound are capable of exhibiting excellent low heat generating performance and wear resistance
when compounded in a rubber composition.

Claims

1. A rubber composition comprising: a rubber component containing diene-based rubber; a filler, and a compound
represented by the following formula (I):

(wherein: A is an aryl group and has at least two polar groups, which may be the same or different from each other;
R1 and R2 are each independently at least one substituent selected from a group consisting of a hydrogen atom,
an acyl group, an amide group, an alkyl group, a cycloalkyl group, and an aryl group; and further, the substituent
may include one or more of O, S, and N atoms).

2. The rubber composition according to claim 1, wherein at least one of the polar groups of A in the compound
represented by the formula (I) is a hydroxyl group, an amino group, or a nitro group.

3. The rubber composition according to claim 2, wherein at least one of the polar groups of A in the compound
represented by the formula (I) is the hydroxyl group.

4. The rubber composition according to claim 3, wherein at least two of the polar groups of A in the compound repre-
sented by the formula (I) are hydroxyl groups.

5. The rubber composition according to any one of claims 1 to 4, wherein A in the compound represented by the
formula (I) is a phenyl group or a naphthyl group.

6. The rubber composition according to any one of claims 1 to 5, wherein R1 and R2 in the compound represented by
the formula (I) are both hydrogen atoms.

7. The rubber composition according to any one of claims 1 to 6, wherein the compound represented by the formula
(I) has a molecular weight of 250 or less.

8. The rubber composition according to any one of claims 1 to 7, wherein the compound represented by the formula
(I) has a melting point of 80°C or higher and lower than 250°C.
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9. The rubber composition according to any one of claims 1 to 8, wherein the rubber composition contains 0.05 to 30
parts by mass of the compound represented by the formula (I), with respect to 100 parts by mass of the rubber
component.

10. The rubber composition according to any one of claims 1 to 9, wherein the diene-based rubber is natural rubber.

11. The rubber composition according to any one of claims 1 to 10, wherein the filler includes carbon black and/or silica.

12. The rubber composition according to any one of claims 1 to 11, wherein the rubber composition contains 10 to 160
parts by mass of the filler, with respect to 100 parts by mass of the rubber component.

13. The rubber composition according to any one of claims 1 to 12, wherein the compound represented by the formula
(I) is at least one selected from a group consisting of: 2,6-dihydroxybenzohydrazide; 2,3-dihydroxybenzohydrazide;
2,4-dihydroxybenzohydrazide; 2,5-dihydroxybenzohydrazide; 4-amino-2-hydroxybenzohydrazide; 3,5-dihydroxy-
naphthalene-2-carbohydrazide; 4-amino-3-hydroxynaphthalene-2-carbohydrazide; 3-hydroxy-4-nitronaphthalene-
2-carbohydrazide; 1,3-dihydroxynaphthalene-2-carbohydrazide; 2,4,6-trihydroxybenzohydrazide; 2,6-dihydroxy-4-
methylbenzohydrazide; and 2-hydroxy-5-nitrobenzohydrazide.

14. A tire formed by using the rubber composition according to any one of claims 1 to 13.

15. An additive to be added to a rubber component containing diene-based rubber, the additive containing a compound
represented by a formula (I) below:

(wherein: A is an aryl group and has at least two polar groups, which may be the same or different from each other;
R1 and R2 are each independently at least one substituent selected from a group consisting of: a hydrogen atom,
an acyl group, an amide group, an alkyl group, a cycloalkyl group, and an aryl group, and further the substituent
may include one or more of O, S, and N atoms).

16. A hydrazide compound of at least one selected from a group consisting of 3,5-dihydroxynaphthalene-2-carbohy-
drazide and 4-amino-3-hydroxynaphthalene-2-carbohydrazide.
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